Phenol emulsion reassociation technique (PERT) greatly enhances the rate of DNA hybridization in solution over typical hybridization conditions (1) and has successfully been used to accelerate competitive DNA reassociation for performing subtraction based genomic cloning (2-5). PERT is accomplished through the establishment and maintenance of a phenol emulsion, typically by mechanical vortexing or shaking. While using this technique, we encountered emulsion stability problems and found stability was directly dependent upon DNA concentration. At low DNA concentrations and small volumes the emulsions became difficult to maintain even with vigorous agitation. Since it is at low DNA concentrations, when hybridization times using standard conditions are prohibitively long that PERT is most useful, we sought alternative mechanisms for maintaining a phenol emulsion. We describe a method to maintain a phenol emulsion in the presence of low DNA concentrations which does not require mechanical agitation. Rather, an emulsion is established and maintained by thermal cycling the PERT hybridization reaction.
Phenol emulsion reassociation technique (PERT) greatly enhances the rate of DNA hybridization in solution over typical hybridization conditions (1) and has successfully been used to accelerate competitive DNA reassociation for performing subtraction based genomic cloning (2) (3) (4) (5) . PERT is accomplished through the establishment and maintenance of a phenol emulsion, typically by mechanical vortexing or shaking. While using this technique, we encountered emulsion stability problems and found stability was directly dependent upon DNA concentration. At low DNA concentrations and small volumes the emulsions became difficult to maintain even with vigorous agitation. Since it is at low DNA concentrations, when hybridization times using standard conditions are prohibitively long that PERT is most useful, we sought alternative mechanisms for maintaining a phenol emulsion. We describe a method to maintain a phenol emulsion in the presence of low DNA concentrations which does not require mechanical agitation. Rather, an emulsion is established and maintained by thermal cycling the PERT hybridization reaction.
Phenol at concentrations useful for PERT (8-10%) is soluble in aqueous phase at temperatures ^55 °C. Once dissolved, the phenol will form a fine emulsion if this solution is chilled Thus, the phenol emulsion can be periodically re-established by cycling the temperature of a PERT reaction. As a demonstration, PERT reactions were set up using conditions similar to that described by others (1, 6) . In a total volume of 50 jil, 10 u,g purified tritium labeled mouse DNA was denatured and allowed to reanneal in the presence of either 1.5 M sodium thiocyanate, 120 mM sodium phosphate, 10 mM EDTA and 8% phenol (PERT conditions), or for comparison, 120 mM phosphate buffer and 10 mM EDTA (standard hybridization conditions). The samples were first heated to 100° C for 10 min to denature the DNA duplexes, and dissolve the phenol where present, and then quickly chilled on ice forming an emulsion in me PERT reactions. Control reactions were heated to only 65 °C to dissolve the phenol without denaturing the DNA. The samples were then placed in a programmable thermal cycler (Ericomp, La Jolla, C A) and cycled for 2 min at 65°C and 15 min at 25 or 37°C for 24 h, thus alternately dissolving and re-establishing the emulsion and PERT conditions. The 65 °C heat shock every 15 min was enough to prevent phase separation but not enough to disturb any DNA duplexes which have formed. This procedure effectively maintains an emulsion for nearly 90% of the total duration. As can be seen in Table 1 the DNA reannealed to completion during the PERT reaction maintained by thermal cycling, whereas DNA reannealed in phosphate buffer reached less than half reassociation and represents reannealing of only the highly repetitive fraction. DNA in the 65° C control reactions remained intact and unaffected by these manipulations. As an additional test for potential DNA damage incurred during cycled PERT hybridization viability of denatured and reannealed plasmid was assessed (Table 2) . hi these experiments 10 ng of linearized plasmid DNA was added to excess mouse DNA and denatured. Thermal cycling PERT treatment resulted in rapid annealing of duplexes which were re-ligated and transformed with full recovery. "Standard hybridization conditions were 120 mM phosphate buffer and 10 mM EDTA. The PERT conditions used were 1.5 M sodium thiocyanate, 120 mM sodium phosphate, 10 mM EDTA and 8% phenol. b Percent of c.p.m. of tritiated mouse DNA that were TCA-precipitable following 24 h of annealing and digestion with 10 U/mg of S1 nuclease using manufacturer's recommended conditions. DNA was isolated from mouse spleen cells cultured for 2 days in the presence of lipopolysaccharide and [
3 H]thymidine.
* To whom correspondence should be addressed The use of thermal cycling for performing PERT reactions offers several advantages: it does not use any mechanical forces that might shear the DNA; many independent samples can be reannealed in parallel; imperfectly matched duplexes should be melted out each heating cycle, and this temperature can be raised to increase stringency; mixers are not prematurely worn out in PERT studies. An important caveat in PERT reactions is the necessity to use phenol of the highest quality; otherwise DNA damage will be apparent as SI sensitivity of DNA from the non-denatured control reactions.
